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SHTOPSIS 


Various radio-tracer methods have been used in the 
past for the study of wear in metal cutting and metal 
forming. Of them y-Y coincidence technique has proved 
quite successful in the study of machining. Here the 
same technique has been used to study die wear and its 
success has been established as also its efficacy over 
conventional methods. 

Vire dro-wing experiments were carried out on 

60 

irradiated HSS (active isotope Go ) dies using MS wire. 
The activity of drawn wire samples at the Imown lengths 
was measured b3’‘ a Y“Y coincidence set-up and the absolute 
volumetric wear was calculated. 

Volumetric wear and inverse wear rate curves were 
plotted for different speeds. These curves resemble those 
obtained for single point tool wear. Thus it seems 
reasonable that die life equation similar to tool life 
equation can be obtained. The built up edge effect was 
observed at lower speeds similar to that in machining. 

For the dies considered force variations were found to be 
insignificant, HSS dies were found to have higher 
frictional coefficients than Carbide dies. It was also 
found that continuous operation may lead to higher die 
life. 



CHA.-PTER I 


li'TTRODUCTIOI 


1 , 1 In trod uction : 

'■'ear is generally defined as the progressive 
loss of substance from the operating surface of a body 
occurring as a result of relative motion of the surfaces[l]. 

An important problem of wear which is faced in 
industry is about tools in general. The tool life equation 
has been established by making some assumptions and it 
has been proved theoretically and experimenta,lly as well. 
Similarly in the wire drawing industry, a die is a preci- 
sion tool a,nd its life is an important factor. Die life 
affects production costs in three ways - in dowr time for 
die changing^ in labour and over heads involved in repolish- 
ing the die and in the replacement of dies. The above 
facts give a iray to think about die life and the wear 
problems which are attached to it. 

1 • 2 Mec han jes of h ire Drawing 

Wire drawing has been evolved through experience 
rather than by the application of scientific principles. 

The drawing process is shown diagrammatically in Rig. 1.1. 
The wire deforms plastically in the deformation zone and 





roduction in diameter is achieved. The cylindrical portion 
of 'ch'j die, co.lled the bearing zone, is provided for the 
diraen'sional st.ibility of the drawn wire, although it results 
in additional frictional losses. 

As the 'vrire passes through the die, tJiere is relative 
motion botv/eon the wire and die surface which ce.uses sliding 
friction. The mechanism of friction is recognised as the 
forma,tion and rupture of minute bridges between asperities 
of sliding surfaces. 

Lubricants can be used to separate the sliding 
surfaces. Theoretical evaluation has been done to study 
the effect of lubricants by few workers [2,:;]. The pressure 
on the surface of the die and drawing stresses can be cal-- 
culatcd assuming a coefficient of sliding friction between 
the ^/ire and die surfaces. The values for the coefficient 
of friction can be taken from the results of ¥isterich [4] 
and Yang [ 5 ] • 

In the deformation zone the material reaches plastic 
state and starts fl oiling. This plastic formation results 
in strr i:. hardening and residual stresses. ¥ith increase 
in drawing speed the rate of straining of the material will 
increase. The level of the flow stress cuirve tends to 
increase with increasing rate of stra.in. The stress-strain 
curve of the metal is also sensitive to temperature. The 
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.vield decreases with increasing temporp.turs [6], The 

^fire drawing oj)e ration is usually carried out at high speeds 
and tnoreforCj, high strain rates arc involved in the pro- 
cess, ‘ihen a material is deformed at a tempers-turo below 
its recrystallisrtion tompera.ture, it strain-hardens [6]„ 
Alder and Phillips [7] have reported the stra-in~hardening 
effects for various materials and calculated the strain- 
rate sensitivity coefficients for a range of temperature 
and reduction in area. 

Due to frictional heating in the deformation zone 
with irreversible plastic deformation of the wire material 
'Within the deformation zone, the temperature of the mate- 
rial rises. Some of the heat generated will be c arried 
away by the lubricants (if used), while some ma,y dissipate 
through the casing [8], Further, if tho residence time 
of the motal in the zone of deformation is sufficiently 
short (of the order of few micro seconds), tho effect of 
transient temperature rise during deformation may be 
insignificant and the thermal softening effect within the 
deformation zone will probably be small as comparod to 
strain-rate effects [9]. 

Wistrcich [4] has reported the effects of reduction 
of cone angle and area reduction on drawing stress. He has 
observed significant strain hardening effects. He also 



reported in his \;ork on wire drawing that the vriro radius 
contracts at the exit to a size smaller than the die 
radius. The reason being, wire will be at hi'^^her tempO' 
raturo when it is drawn and the temperature will go down 
as soon as it is exposed to the atmosphere. In this 
process wire diameter incree,sos after it is drawn. 

Du' to ■various combinations of factors (reduction, 
die angle, friction, properties of material etc.) defects 
a.ro caused. Duo to difficulties mentioned above it is 
often observed that dies have dead zone formation and on 
the drs-wn wire snake skin formation, chevroning, bulging 
and contraction, shaving etc. Because of the undesirable 
combination of variables, it is difficult to analyse the 
wear phonomona. 

1 » 5 Mcc hanis n o^ Wear : 

As is well known, -wear is a complex phenomenon that 
cannot bo predicted with any great accura-cy. This is 
because one type of wear usually does not occur in isolation 
but merely predominates. Further, interactions bQtweon 
different forms of wear also occur. Depending on the nature 
of movement of I'ledia involved in an interaction under load 
the following types of wear have been classified [lO], 
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Adhesive^ ■ 

In tiiio, the relative movenont can be unidirectional 
or reciprocating sliding or interaction occurs ander small 
amplitude oscillatory contact load. The mating surface 
peaks \To knovrn to flov; plastically and to form strong 
work hardonod junctions. As these break under an imposed 
tangential traction, material loss from the solids may 
occur [10]. 

Abrasive ’^e ar . 

Abrasive particles in the form of wear debris or 
p.dvcntitious particles of grit and dust from the surround- 
ings remain trapped at the sliding interface and remove 
material largely by ploughing [10]. 

Other Forms of Uoar j 

Pretting is a form of wear which occurs as a result 
of oscillatory movement between n-ro surfaces as in machine 
parts. Patiguo wear arises as a result of cyclic loading. 
Erosive wear results when grits impinge on solids and 
cavitation erosion may arise when a component rotates in a 
fluid medium [10]. 

The mechanism of wear in wire drawing dies had been 
studied in the past by means of metallographic examination 
of the profiles of worn dies, spoctrographic analysis of 
used wire drawing soap (lubricant) and by observing the 
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di:sipation of voar dobris attachod to the dram vire and 
originating froa radioactivated dies [ll]. 

It has been observed that the intensit^r of vroar 
varies along the die surface 5 it is loast in the middle, 
more at the exit and maximum at the entry. Moreover, tho 
differences iii the microscopic appearance of worn die 
surface at the entry and else whore are such that one is 
led to suspect that a different meclianism of wear is 
at work at the entry of the die, vrhere a deep and clearly 
defined annula,r crater is formed. This is referred to as 
* ringing' [ 11 ] . A tsrpical worn-out die is shown in Pig. (1.2), 

The application of radioactive methods to study die 
wear have been vcr 3 '’ rare. Joul [12] has studied die wca,r 
(in deep drawing) by activating the surfaces, using the 
auto-radiograph method. Button et al.[13] studied the 
wear of wire drawing dies bj?' surface activa.tiou method. 

Tho experiments were performed on a draw bench. G.M. 
Counters and auto -radiograph methods wore used. The 
speed of drawing was 22 cm/sec. The wear wp„s of the order 

Q 

Of 2 X 10 gras /it length of wire. On line wear monitoring 
was studied by Askouri et al. [14]. They used activated 
bearing zone surface upto the depth of 70 i^m and 
had estimated the wear rates for new die and resized die. 
They found that the new die wore at a steady rate where as 
tho resized die wore at non uniform rates in tho bearing 


zone 



Tor tuiigcton carbide dies, Vistroich [11] co'aclua.d 
Irom tho presence of radioactive smudges of cobalt on the 
uiro that microscopic welding occurs between the cobalt 
matrix of the die- e.nri the metal ,of the '^.''irc. The carbide 
grains are thereb 3 ’' exposed and arc polished atray, broken or 
torn out. Some of tho carbide particles become embedded 
in the wire and are probabl 3 r responsible for the scoring of 
the die. 

^ ^ ? prese nt J'.'^pr k ; 

In the present work an attempt has boon made to 
estimate die 'rear during wire drawing by using Y"Y coinci-- 
donee technique. This technique has been oerlicr succos'^-' 
fully used for obtaining absolute wear values during single 
point cutting. Scintillation detectors were used for 
detection. The work was then extended to study the effect 
of drawing speed on the volumetric wear of the die. 



CHAPTER II 


\i 




.BFTAI. 


SST-UP km THCHNIQUBS USED EOR MEASURING ^'JEAR 


In tliio chaptor, a discussion of the oxpjrinental 
S't-up, techniques used for -ucasuring die vj-oax*, moasurcmoiit 
of force, Gvaluo-tion of frictional coefficient otc. is 
<.;ivon. B-’-Sicalljr the experiment consists of drawing a 
;^iVGn wire through a wire drawing machine using a radiO’- 
active die and counting sections of the drawn wire for 
iijs -ctivity. Details of various components are described 
below includinj the set-up for measuring the drawing forces 
involved in the wire drawing process. 

2 . 1 ux-pc rimon tal S ot ; 

um mt «•> m mm* m mm mm n w Mmw mn wt. itmmmmmmmXm • 

2.1.1 Drawing; 

The present ’-'■ork: has boon carried out on a vertical 
wire drawing machine manufactured by wire machinery 
nanufacturin/; corporation ltd., Calcutta. The specifications 
arc given in Appendix I. 

Preliminary experiments were performed using H3S and 
Tungsten Carbide dies. Initially it is necessary to point 
the wire fora certain length, so that it may be passed 
through the die and gripped by the jaws of a pulling dog. 

The pulling dog is to be fixed in the holes which are 
provided on the capstan. When the capstan rotates the 



10 


■..’iro lii drnim. In the industry a pointing machine is 
used to point the wire. As the pointing m'-'cliino was not 
'■'.vailojlo various methods wore tried. Grinding and filing 
methods v/erc tried and it was observed that pointed wire 
will not be of sane diameter throughout th. 3-ength. Duo to 
non-unif ormity in diameter wire used in break when the 
load i?as applied. The scratching die method was also tided 
but it too di(' not work. Pinalli’" draidng it tbrougi a 
Tungstan Carbide die (1.85 mm dia, at exit) was tried. 

A small x^ortion of wire was first filed and then it 
was passed throu,^i the die. The TC die was held in the 
lathe tool post with a stopper and the end of the wiro was 
held in the chuck. The carriage was moved away from the 
head stock. After drawing the wire to a certodn length it 
was pulled bac?: by holding the wiru with bolt and nub and 
stopping it :'t the tailstock handle. In this xfay, a uniform 
diameter pointed irirc was obtained. But after this also 
wire broke vdaen load was applied. The reason being that 
the wire w’as not a.bl 0 to take the jerk of the suddenly 
appliud load when the motor was started. It was also 
decided to use speed of drawing as one of the parameters 
which effects tho wear. The 'two factors above^ the foimiei 
being tho major one, it was necessary to attach a gear box 


to the machine. 
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^ 1 2 r:GA r pp::. At tacl^gapnt : 


lata Gjj-jO gear box, which gives five varying 
■jpe^.do 15, 25, 40 , 62.5 corresponding to the five 
,,;nar ;0 was coupled to the notor. The gear box v/as fixed on 
a .u~plr.-co, which was proncrly ma.chinod on a milling machine, 
’..’itn cne help of bolts and nuts. Two cast iron blocks were 


cast to make the V-groovod pulley for the drive. As there 
was ro further need to vary the speed, the blocks were 


maCiTinGC. according to the dimensions of the pulley provided 
v/itn bre 2u HP motor. On one of the pulleys a ko5n[iray was 
cut to fix it on the spline shaft of the gear box and on the 
other tapped holes were made. The gear box assembly (with 
L— plate) was xixod on the channels provided. The system wa,s 
drivcii by V-bclts. Photogrtiph 2.1 shows tho attachmonb. 


2 . 1.3 Sppolj 

To mGasu3'’c the activity of all the drawn wire is 
difficult and time consuming process, which defeats one of 
tho main purposes of using this technique. It was decided 
that samplos of 1 m length at v'.rious measured distancvjs would 
be taken, Per this purpose a wire winding spool was fabri- 
cated of which the drum circumference was knovm. By noting 
down the number of revolutions it makes, the exact position 
of tho sample taken may bo noted. 



2.1.4 Shield inij. :". nd Other Safety ConsidGra -bioiis 

?or handling a highly radioactive die it vos 
noc ensary to in?.te shielding arrangoments so thet the capo~ 
our:-' to persons ’.'fo racing ’‘rith the die is ^rithin the safe 
li.iitn spocifr.od by lORF guide linos (2.5 m rom/hr). 

.'‘ft or taking all the safety factors into consideration a 
movable box typ. shiold or a trolley which covers the die 
poGo completely was found suitabl Tho tino^thc radioactivo 
die — • Imn^'^lecl was also mini'^iaed. Load bricks were used 
for shielding. The thicJaicss of the shield was calculated 
using the known a.ctivit''’' of the die a,nd the trolley was 
doGi.gnod accordingly using o factor of safety of 2 (for 
i.hc load of bricks). A scratr-jack was also fabrica.tod to 
support the rails vihcn the trollcw’’ is completely outside 
the die box, Plioiogr’.ph 2.2 shows tho details. 

Other saf...ty measures wero also observed. Removable 
rubber sheets covered tho experimental floor area. A set of 
hand gloves and nose mask were used during the experiments. 
Film badg(;G were used to know the dosage. After oxporimon'- 
tatior, machine was cleaned and all the loose particlos wore 
collected. Tho activity of tho loose particles was measured. 
It was found that this activity was less than half e percent 
of the total activity of the wire counted, llachine was 
surveyed with radiation monitors after complotc cleaning. 
There wei’o no traces of radiation. 
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3 , 1.5 


’*-• 1*0 i i; ifj noccss^ry to knovr the vo.riation in clro-w- 
in." forcca r.s rate incroasoc, doorcases or stahilis^s. 

Piy. 3.1 shons pn extended octagonal ring by ixhich normal 
force (?)» tp,ngcnti?l force (P) and moment (aj) can.b>- 
no'iGur<d. utr'.in ge.ugcc wore mounted on the ring as shown, 
phre; different wheat.. stone bridge circuits arc necessary to 
measure ?, ? and .1. Ihe deflection due to the drawing forces 
and strains develop'd in the ring can be calculated using 
■th< following cquationG (15) • 


6p = 3.7 Pr^/Sbt^ 


e -- 1.4 Pr/hbt 

■..’here, P is the drawing force, r the mean radius, b th.. 
width and t the thicfaioss of the ring. Purthor, 1 is tnc 
Young’s ItodhluG, 6p the deflection and e the strain. 

In the above equations all the pammetei^ arc fcnown 
wxcopt drawing force P. This can be calculated using the 

following equation Cig. 

D, 


At.i- 


J-'"" [!_(.—) J + y 


.J 


( 2 . 1 ) 


'b " 


vhorc B = ^ cot a, io the oooffiolent of friction 

„ tho somiocno angle of the die, the front tension, 

tho back tension, 1 the yioia stress, \ bjiS Dj, tho dia 

meter of tho wire at the exit and entry. 
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( - "c c tons ion) = 0 
^''•1) rcduor-s to 


1 !■? 


[1 ~ 


( 2 . 2 ) 


’ of yield stress for the vire 

'■ ' ^'^^cient of friction, drawing stress and 

•' *'’-■•• can be c.alcuLa,tod as also 6p and 

;-ir in, . i.»wina th..‘ gau^^o factor and the excitation 

\olt t i ' output volt?,gc- can bo calculated by 


. (output voltage) = PVe (2.3) 

*'h.'r a ia the nunib'ir of strain gauges used, F the gaur^. 
r etor, V tlu' excitation voltage and ; ;s the strain. 


I'or the r'-nce of drawing forces that are expected, 
it i;i fount! fro : the. above equation that the output of the 
dynamometer ie significant and can be recorded accurately on 
strip ch<a* t recorder. 4s the accuracy needed was high^ 
somiconductor str-'in gauges were used es Key have high 
gau':o factor and resistance. 


Semiconductor strain g.augos were fixed and the 
circuit was connected as shown in Pig. (2.1). All the 
specifications are given in Appendix II. Photograph 2.3 
shows the dynamometer and die post mounting on the machino. 


? 
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2.2 An ilncnrdio-rit strip chart rocordor was used for 
conti-\uoiis recording of the output of the circuit. The 
strain gauges wore excited by applying 12 V from a 
standard voltage supply (Aplab). Output terminals were 
connected to TSneardio-rite r..cordor. 

35?- applying a knox/n load the calibration of tho 
dynamometer xras made. The Pig. (2.2) shows tho calibration 
curve. Tho liii'^arity of the Bncardio-rite Recorder response 
was checked and found that tho ranges used in this expori- 
ment have a linear relationship. 

^ • 2 pic. a nd D io Ilatorials ■; 

2,2.1 Dio Prof iles : 

In tho wire drawing process the die is a precision 
tool. Tho successful drawing operation and tho die life 
depends on tho die profile. Hu [17] has done tho ana.l3rsis 
of die profiles on 4 different profiles viz. convex, concave j 
straight and bell shaped. Tho bell profiled die has the 
most uniformly distributed frictional forces along the 
die. Thoroforo, it is expected that the wear of tho die 
for boll profiles will bo the most uniform. This is tho 
main consideration factor for better efficiency pnd longer 
life of the die in xfiro drawing. But practically speaking 
boll nnd convex shaped die production is very difficult. 
Hence a straight profiled die was chosen for the experi- 
ments. 




No. of divisions on SMP chart graph 
FIG. 2-2 CALIBRATION CHART OF DYNAMOMETER 
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^ ops. 


and 


oci float ions s 


In the 

thr. r. tho strai 
Hhoun in Pig, 
iiation zone, a 
procision tool 
controllocl to 


diGcussion in Section 2.2.1 it was concluded 
I'l't profiled dio would bo used. The- die is 
(l.l). This die has an entry zone, a defer- 
bearing zone and an exit zone. Tho dio is 
and h^nce its profile raust be properly 
nchiovo high quality production. 


The function of tho entry zone is to allow easy f 1 ox-/ 
of lubricant to the die. ?ron this view point, the bou.nd^ry 
of the f.pproa,ch cone and drawing cone must bo vjry xirell 
blended so thot lubricant may bo wedged betX'Kon tho dio rnd 
th.. X'J'iro. 


Tho profile of tho drawing cone is most importa.nt as 
the deformation of the wire takes place in tliis zone. Tho 
included angle of tho drawing cone depends on the material 
to be drawn and the percentage reductions takon. Too smrll 
an angle brings greolor area of wire in contact with the 
dio. The specific pressure is T>educod and honco dio wear 
is also reduced. A larger area of- contact incroo.ses tho 
friction and temporaturo rise. Hn the other hand, too 
large an included a,nglc increases tho specific pressure 
(non-linearly) and causes lubrication failure. This will 
involve larger xfiro breaks and cause abnormal dio wear. 
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Th- boarin^'i aono di^.metv,r dotjrminos the wire size. Too long 
i bonring zone will cause nxcossivo friction and load to 
wire breaks. Shorter bearings will fail to x^ipo tho 
lubricant and will allow large qun.ntity of lubricants to 
pass through tho die. This length of bearing varies accord- 
ing to tho nr'.torial being drawn and is defined as percentage 
of til.; bore diardotv^r. It is between 0,8 d to 2 d whojt d is 
tho diameter of the wire. 


ICooping all tho above factors in mind tho dio angles 
and bearing lengths wore chosen from Sandvik standard 
catalogues. Bearing length was chosen as 2 mm. 

So^iicono angles were chosen as 3°, 4.5°, 6° and 7.5°, 

Tho area of reductions were 10^ , 15^ > 20 and 25;^. In 
the industry norcually 205^ oroa of reduction is used. Tho 
main Sut of dies which were ordered wore of 4.5° somicon.. angle 
and 15^ area reduction. Following table shows the dio 
numbers, diameter and corresponding variables. 

Table Is Bearing zone lengths 2mm, Inl^'t dia of 
wire; 2 mm + 0,01 ram. 


Dio 

no. 


Semi cone angle 

Area reduction 

Bxit diamotci 




( degrees )__ 

(Porcentage) 



10 

to 

19 

4.5 

15 

1.844 

20+ 

to 

23 

3 

15 

1.844 

30 + 

to 

33 

6 

15 

1.844 

40]; 

to 

43 

7.5 

15 

1.844 

50+ 

to 

53 

4.5 

10 

1.898 

60+ 

to 

63 

4.5 

20 

1.782 

70+ 

to 

75 

4.5 

25 

1.734 

"1" 

Badio : 

isotope division 

identification nos. 

5653, 5654, 


5655, 5656, 5657 and 5658 respectively. 
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-2,2.;) jii *. . . ill 

T,'! dr.y ’:o diy production Tungsten cr.rbide and diamond 
dion a-a used in the industry di.i>.nding on tho typo of ^rirc 
to bj d.nno, Por high r nu Poor ga.uge (smaller diameter) of 
wire diamond dies arc* used because thoy arc very small in 
diemet-r and low tolerances are easily achieved. But for 
experimental purposes the nso of both the dies was not 
advisable ac longer length of wire Ixid to be drawn to 
study weal’. To start with HSS dies wore preferred so that 
the radioactive technique of study of dio wear could be 
established. 

As the present eim is to establish the nuclear 

toc^iniqii'- 'i^ho study of die wear, a special type of a H''l 

containing cobalt was necessary. Super rapid extra HSS 

has a composition of H = 18^ , Y = , Or = 4 ^ y Co = 5 ;& 

ajid rest iron and carbon. V7hen this material is kept in 

th'. reactor all the constituents become ro,dio3,ctive because 

of nuclear reactions . The ha.lf life of all the constituents 

S9 

except Co and Pc- is very small. Pe has a half life of 
45 days find cobalt he.s a half life of 5.3 yea-rs. This 
moans -fcho.t by the time the experiments were- performed 
except cobalt all other constituents of HSS decay to non- 
radioactive isotopes. Hence this materia,! was chosen. 
Initially 5 bo 10 samples were brought from the market and 
qualitative ana,lysis was done in tho material testing lab. 
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After confirming the cobalt percentage the material was 
purchased and was sent to tlio die manufacturer, 

2*5 Se leotion of Ma ter ia l to b o Drawn: 

In wire drawing industries different varieties of 
wire is drawn depending on the reouirements of tho customer. 
The criterion for choosing the material for experimental 
work wore easy availability and high wear rates, Xeeping 
the above factors in mind mi3.d stool wire was chosen. It 
Was tested in the matorial t osting lab. for carbon content 
which tiTas 0,2 percent. 

2 • 4 Exporjm: .n tal_ Pr occ dure ; 

^ I^i ichi no Operation 2 

As discussed earlier in 2.1.1, the wire is pointed 

using tungsten carbide dies. Wire diameter is reduced to a 

smaller diameter than the exit diameter of the HSS die. For 

example, when 1.844 mn exit diameter of the die is to be 

used for experimentation, ' ■ the wire has to bo pointed 

to 1.80 mm so thr.t it can pass oa,sily through the die. 

Gripping of the wire was done by using a pulling dog which 

was fixed on the capstan. Then the circuit a,rrangomGnts for 

dynamometer were made. Initially the capstan was rotated 

with the hands to keep the wire in tension and motor vras 

stvarted, b 3 ?' using the foot switch while engaging the 2nd 

gear. 3 to 4 m of wire was drawn on this gear and then 

j . f 

gear was chp.nged according to the -test roq.'j^^jgmQnte , : 
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2.4.2 CT ucloc ir . S ot -up , 

There arc various tjT-pos of radiation detectors to 
detect the a, p and y radia,tions. In the rresent sot-up 
y-ra-vs were detected using scintillation detectors, y-y 
coincidence technique was used for measuring the absolute 
activity. Hence t^jo detectors were necessary. Photograph 
(2, a) shows the complete Sv.’t-up. Details of the y-y coinci- 
dence technique ca.n b. found in detail in the earlier work 
doiivj at this Institute [18,19,20], Specifications of the 
present sot -up a,ro given in ippondix III. 

2.4.3 Srumn lo i'leJcing; 

Since it was difficult to measure the absolute radio- 
activity of 0.11 the drawn wire, 1 m sections of wii-o at 
vo.rious lengths wore taken for counting. An implicit 
assumption was made that wire in between two consecutive 
seimplos counted xfill have a proportional amount of die 
ma,torial. Final results wore oxtrapolo-tod accordingly Piid 
plotted. 1 m X'/iro was cut into 20 pieces of approximats-ly 
eqxaal lengths and were put together in a. single layer. They 
xiToro mounted on a perspex shi^et with ccllotapu. Each sa.mplo 
xms numbered for identification. The perspex plate xfas 
made to slide in the sta.nd made such that the sample was 
a.lways at the same location with respect to the detectors. 
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2. 5 Mor -suromo nt of Wear Using Mud ear Tochniquo s; 

2*5.1 Y--Y Coinc idonc 'j fochniguo : 

In application of radiotracer tochniquos for measuring 

the ahsoluto wear volumes in tho dotormination of tool f^roar 

and grinding T--hocl loading, S'^voral methods uoro used. 

Chawla ct al„ [IG] have discussed this at length. Iho y-y 

coincidence technique was used by Chawla ct nl.j [18,19,20] 

to study the tool wear and grinding wheel loading. To use 

this tochnique a ir'.dio-trac-r which emits more then one 

0 

y-ray is required, Co° is o radiotracer which gives 
1.17 and 1.33 moY Y-rays. This method is more accurate 
SiS it oliminatcs completely tho need for explicit considera- 
tions of tho counting geometry and the efficiency of tho 
detectors in arriving a.t the absolute woa.r volumes. In this 
technique txfo detectors arc necessary to count the two 
gamma rays. Scintillation detectors are more efficient 
for measurement of y-radiations. Hence Nal detectors arc 
used. The tv;o detectors arc set in such a way that OM® 
detector is sensitive -only to radiation of 1.17 MeV and 
tho other only to 1.33 Ho7 radiation. Absolute activity 
ca.n bo found by using formula ^ 

H = 

where, is the count rat- of detector 1, C 2 the count 

rate of detector 2 and 0^2 coincidence count rate. 
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CorroctionfJ havo to bo mado for random coincidciicoo 
and for dead tai-io. 

2.5.2 St anda ,rd ization of Samnlos ; 

As discussed earlier HSS dies ucrc manufactured to 
design specif ica.t ions a.nd then were sent to 3AjR,C for irra- 
diation purposes. Along >ritli the dies small chips of 
kno^rn weights of the same material wore also sent. After 

irra.diation they wore kept for about 4 months so that the 

So 

effect of other short lived isotopes excipt Co was not 
significant x;hich assured by taking a yspcctra of the chip 
sample. The Go(?'d) spectrum is shown in Pig. 2.t. It is 
clear from this hhat thor', was no significant y_activit' 
apart from that due to Co . Nal specimens of the sampl.- 
are shown in Pig. 2.4. Pig. 2.4(a) is for one detector 
on which 1.35 IIoV w^as set and Pig. 2.4(b) is for 

anothei detector on which 1.17 ’ y-'my was sot. By 

observing both the Fal spectrums, it can be concluded that 
they have different detector efficiencies. The calculations 
were made on the arCca basis and it was found that the error 
was of the order of 2 ) , this discrepancy however docs not 

affect the absolute activity calculations. 

Although, the chip samples wore of about O.l^m 
they were highly .active and hence it was difficult to measure 
the absolute a.ctivity b 3 r keeping the chip at 3 inches 
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Channel number(xlOO) 

FIG. 2-4 Na 1 (Th ) SPECTRUM 
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nic:''.:c.. Iro : detector. In this ease? the dead time 

cori'wCtj ’''no ':cix ol the order of I'ofo and random coincidoncc 
correctiono yore cilco leirsc. This was duo to hade scatter 
and Ic’.eer Oificioncy of the countc?’ itsc-lf for r/ioasurin^ 
ouca hi.. her '■ctivity rt larger solid angles. 5’inally tho 

cliip Mi'.o kept at 20 cm and 30 cm from each detector. A 
standard sourco of 10.54 p, Ci (on 1.12.70) was takon and 
its activit 3 '’ was measured at both tho distance. &. The- calcu- 
lated •''bsoluto activity was in eagre ement with experimental 
vo.lue. In coincidence experiment geometry does not pla}^ anj'’ 
role and hence results agreed w ;11 for both the distances. 

Th ; absolute activity of .all the chip oe.mples were measured 
and Cralculatod by using formulas given in Appendix 17. 

Dead time corrections and Eandom coincidence corrections 
wore a.lso taken in to consideration. Statistical errors 
in counting were also calculated by formulas given in 
Appendix 17. The expected .activity by using the formula in 
Appendix 17 was calculated. The following table gives a 
suimiiary of all the results. 


Prom the table it is seen that expected activity end 
absolute activitsr are well with in statistical errors 
except for 2 values. Tho two values may be different probably 
because of tho irradiation positions used in OIRUS. In the 
present work, 5650, 5651 and 5652 dies were used correspond- 
ing to die nos. 11, 13 and 15. 
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Table ifo. 2 


r- 


)nip 


Sample ITo. 

5650(1) 
5650( 2) 

5651 

5652 

5653 

5654 

5655 

5656 

5657 
5650 


f'iass in gms, 

0.10767 

0.10555 

0.09075 

0.12626 

0.09557 

0.12441 

0.11610 

0.14991 

0.14021 

0.15879 




49.21 + 4.1 
54.19 + 4.51 
37.55 + 2.95 
51.54 + 2.2 
47.2 + 2.95 
49.73 + 4.54 
50.94 + 1.95 
6S-16 + 5.2 
53.47 + 2.04 
61.14 +4.9 


--- OUU 

Actixa-tyf 

47.03 

47.35 

39.64 

55.15 

40.87 

54,34 

50,75 

65.48 

62.05 

60.623 


and tho exit to ensure that the nctivi+v 

not ohanso a.i.02ig tho dlo surftoe In the ’ ' 

urtaoc in tho drawin,i dlreotloa. 

2.5.3 CaU^ jipn of anrnr io.- 

Samples wore prepared ae dleeneeed m 2.4.3 Ihe 
absolute rctivi+tr r^4 > jv 

compared to 

the chip sample. Honoo we could not 00m 

+-U . compare and calcul-f^ 

tho values directlv m>, , ^ 4 ^ +cuic.t^ 

a^t^otors wore hopt nt 3 om to 

-"plo so that tho solid angle made was lar.o 

■ctaoluto aotlvity as low as 30 . lo'^ , oi 

10 Cl was measured. 


Ci 
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A woc-V. lab standard source “H was t'lksn for 
rolativc .neasuromcnts . The activity of standard source "B 
value was calculated and measured and were found to bo simc. 
Standard source A and standard source B were inter-calibrated 
with the det vectors at 5 CQ from the source, knowin{j tho 
p.bsolute activity of chip material with respect to standard 
A and sample absolute "•ctivity with respect to standard B, 
tho volume of jiat.;rial removed from tho pa 3 .-’ticular dio can 
be calculated (since standard A and Standard B arc inter- 
co-libratod ) . 

The so.mploo xroro of very low absolute activity’’ hence 
tho time of counting X'/as taken as 4000 roes. In tho cas*- of 
samples dead time correction and random coincidonco correc- 
tions wore negligible. Error analysis xfas dojio by using 
tho formxilas in Appondis ITit. The results are discussed in 
the next chapter. 

2 • 6 Iloasur omen t of V/oar by Conventional Method : 

It is very difficult to measure the die wear ra.tc 
by conventional methods. Howovv^r, an attempt has been made 
to measure the volxxmetric wear by the conventional method 
and to compare the results with Nuclear results. The die 
bore and somicono o-nglc wore measured on MP --320 projector 
using incident and transmitted light. A constant magnifi- 
cation factor of 100 was used for all the measurements. The 
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(jj.c oxi’b and entry bore- dia wore noasured and a hoisht g.au,t?o 
used to moaouro the dofornation zone length .and bearing 
zone length. The volunotric xv’-c.ar can bo Ccalculatcd as 
f ollotrs i 

Proia the Pig. l.lj, tho volurac of die boro 
bofor-- UG^.ring out is 

\ = 2? f^^b a - cot a + 6D^i ,] (2.4) 11 

let us assume tha,t original diameters and Dj^ changes to 
D^+x and after wear respectively, then tho volume 

of die boro after experiment is, 

-I- 6(1^ + x)^l ] (2.5) 

Therefore, the volTimetric xvear is, 

A7 = Vg - \ 

= ? - “a - °ot “ + , 

+ 2(x + 21^) L ] (2.6) 

2.7 Evaluation of Frictio na l Ooeffiejont ; 

Drawing stress for non worh hardening materials cn.n 
be evaluated using equation 2.2. For strain hardening 
materials a complex equation needs to be derived. Here 
only a rough estimate of the frictional coefficient is 
calculat ed . 
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abovG oqu.^ti 

ooomolon-. aro 

Of «,e atrosa 

^OClSU2'(^(J Pnd V^ . ■Dp^WT'nrf ^ 

'-“3 huaoG tho d».„^ ^°«^og ara 

yi^^lcl 0‘’ci*O<^Qi --1 S S“ij2*0£fS 1 f“ V 

^XM 3tool Wifa To fir.a th, 

n.nd strGc?o Used wno +, ^ 

tr.s.-3txr.,to dlagn^ ,,^3 I^Mrcr, 

stross-stnin Plotted, ^ 

_ ^ <3iagmm. jTOia *, . , "• ^'5 shows the 

“ sti-oss directlv Wfriomt 

therof ore , ovri un-f-^^ yield strot^Q 

-Ualod using tho ^^ess was, 

By substituting ..iq ti, Porcont 

•-, ooemo.tee.t Of P-at^etors !„ 

- -aloul.e,tod t, tflea and 
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volumetric i^ear rate curve has reached the steady state. 
However, on restarting high wear rate similar to one in 
the initial drawing stages was observed. This indicates 
that the die life is likelv to bo more in continuous 
operation. 

As discussed in Cha.ptor I, in wire drawing the 
wire becomes plastic in the deformation zone and surface 
temperatures are high. After a certain length of wire 
has been dra,wn the temperatures may reach steady state 
as the wear rate reaches a stable value. Once drawing 
is stopped the surface temperature of the die will go down. 
On restorting the drawing before the surface temperature 
reaches a steady value the wear rate will be high. Hence 
it is reasonable to expect that the die life will be 
more in continuous drawing operation in contra, st to 
d is c ont inu ous d lawing . 



Ebotograph 2.1; G-ear 


Box Attaclmeiat 




^totograpb 2.3; I^namometer and Die Post Mounting 


CHA.PTER III 


RESULTS Aim DISCUSSION 


The Nuclear and conventional experiments were 
performed with different speeds as explained in Chapter II. 
Conventional experiments were performed with different 
area of reduction dies and at different speeds (51.77 and 
50.09 m/sec.) to make sure that the wire breakage problem 
would not be there as observed in preliminary experiments. 
While doing so the following observations were mado. 

Photograph 3.1 shows' the actual bore disiraeter 
before the experiment and photograph 3.2 shows the dia boro 
after performing experiment for 2 minutes 30 seconds at a 
drawing speed of 50.09 m/sec. and it can be seen from 
the photographs that there is a change in diameter of the 
bore. V/ear seems uniform around the periphery of the exit 
hole of the die. The change in diameter was measured and 
the wear was calculated using equation 2,6. When the 
conventional volumetric wear values estimated in this way 
were compared with those obtained by using the nuclear 
technique, an approximate error of 30 percent was found. 

This may be because the wear is not constant throughout 
the length of the die as .implicitly assumed in the analysis. 
It has been found [11] that the wear is genei^lly maximiim 
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at the entry, minimuni in the intermediate region "■nd an 
intermediate value at the exit end. Thus the weci.r values 
obtained using equation 2.6 will only provide a rough 
estimate. 

Photograph 3.3 shows the built up edge effect where 
the material deposition is cle-'rly seen. This experiment 
was performed at 31.77 m/min, for 1 min 50 secs, ''hile 
perfoiming the experiment the wire broke sudden3.y. The 
die bore was checked and it was found that there was some 
material deposition. This effect is similar to the 
phenomenon found in machining. This is mainly due to 
temperature effects. In Pig, 3.1(a) it has been observed 
that the drawing forces are very . high and hence the 
value of coefficient of friction will be high resulting 
in high interface temperature. While wire is passing 
th’'ough the deformation zone it is in the plastic stage 
.and sliding speed is low. Hence the sticking of mr.terial 
to the die is more probable. 

The built up edge effect was confirmed while doing 
the Huclear experiments. Pig. 3.2(a) gives the volumetric 
wear curve and Pig. 3.3(a) the inverse wear rate curve. 
Prom the curve in Pig. 3.3(a), it is seen that there is 
a sudden rise in the inverse of wear. This clearly shows 
that material deposition ’has occurred and hence the .woar 
rate has gone down. In the same figure curve V 2 shows the 



AR = Area reduction 

_ Vi = 31-77 m/min 

V-> = 50-09m/min 
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ste-^dy wGar ro.te. Comparing the two it is appo.ront that 
built up edge formation tn-kes place at lower speeds. 

Fig. 3.1(^) shows tho -va-riation in drawing forces. 
Drn,wing forces fJi].! increase - critically as wear rate is 
high and then theyst .bi^.isa and increase at a very low 
uniform rate. The drawing forces are dependent on the 
value of friction coefficient. This means surface finish 
of bore is an important factor. Since all the dies have been 
made by the sane manufacturer, it is assumed that they have 
same surface finish. I-Iaking this assumption, from Fig. 3. 1(a) 
it is inferred that at lower speeds friction coefficient is 
high since the forces are high. The values of friction"'! 
coefficient wore calculated for all the nuclear and conven- 
tional experiments using equation 2.6. The table shows the 
details . 

Table 3 

Spaed Area' oTf ^relfuctTon" Force ^ric^oh 

m/min. in percentage IZg Coofficiont p 


31.77 . 

15 

204.5 

0.37 

50.09 

15 

181.9 

0.33 

77.75 

15 

154.5 

0.2 

77.75 

10 

136.00 

0.17 

77.75 

15 (Carbide die) 

105,5 

0.11 


from Fig. 3.1(a) it also can bo inferred that carbide dies 
are better than HS? dies as the drawing forces required 
are less. ' This implies tha,t frictional coefficient is le^^s 
which can be seen from the tabic. 
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The r.?.n.. 3 ,o of r.roa, reduction for tho iuro dies of 
1.898 miTi and 1,844 iiim were 10 -ij and 15 ^ respectively, 

Tho difference in the drawing forces for the 2 dies was 
24 iCg (133 - 162 ’eg), Tho change in drawing force, therefore, 
for the 1,844 niia die as its bore increases to 1.352 mm 
■>fter 2 min. 20 secs, was not measurable by the d;^.mamometor 
which has a sensitivit}/" of 1 leg for 1 mm at 10 mY/cm. 
Vibrations inherent in tbe system and as the feeding spool 
was lower than the die mo-de the measurement of smaD.l force 
diffe 3 :‘ence difficult. 

Vig. 3.2(b) gives the volumetric w ear curve for the 
die ^Thich was operated at 50.09 m/rnin. for 10 minutes. . . 
fig. 3.5(13) gives the inverse wear rate curve. Fig. 3.1(b) 
gives the force diagram. 3y comparing Fig. 3.2(b) and 
Fig, 3.5(b) cui’ves, it is seen that tho die had not reached 
the failure stage. Initially w ear increases and then it 
comes to a steady atatc and wear rate is constant in that 
region. To dot ermine the f.ailuro zone drawing will have 

j 

to be done for much longer timos. If exporimonts nro dono 
at several speeds it should be possible to establish the 
die life equation which from the preliminary date collected 
seems to resemble tho tool lifo curve. 

During some exporimenta, the wire broke after 
drawing for a fro<ction of a minute by which time the 




sec 


4 



Length in metres (xlOO) 
FIG. 3-2 (b) VOLUMETRIC WEAR CURVE 






CHiPTER IV 


COl'jCLUSIOSrS AJTD SCOPE FOR .FUTURE WORK 

4 . 1 Conc lusi ons : 

The Y“Y coi?icidanoe techniquo for absolute wear 
determination was used by various workers. The efficacy 
of this technioue has been alre'^dy discu sed at length in 
references [18,19,20]. It was used in the present work 
and has proved to be a successful technique for the study 
of die wear in wire drawing. 

The built up edge phenomena was observed similar 
to that which occurs during machining. Expf-'riments 
indicate that tungsten carbide dies have less friction 
than HSS dies. Experiments also seem to indie c;bc that die 
life is likely to bo more in continuous operation. Tbe 
inverse wear rate curves show a resembelance to the 
cutting tool life inverse wear rate curves [21j. To actually 
est3.blish the die life equation more experiments varying 
the different parameters (like speed of drawing, die bore dia, 
bearing zone length etc.) need to be performed. 

4 . 2 Suggestion fo r Improvement of the Sot-up i 

The height of the feeding spool should be kept on 

line with the die. The difference in height has an effect 
♦ 

on die wear. Because they are not on the same level wire 
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feeding is done ni c.n nngle, so is r.lwc.ys a possibility 

that the die boro will become elleptical. Tbit, will also 
lead to the non-u'iif Ojrm forces on the die surface. 

Ill the force moo.surement it has been observed that 
initially within a fraction of a second force rises to’ a large 
steed 3 /- state velue about which there are small variations. 

The force variation can be determined if d.c. output of the 
strain gauges c-^n bo off set to measure variations. 

4 • 5 Scope for _ Pur the r h'ork ; 

In the present work the nuclear technique has been 
established as a practical method for die wear studies. 
Further work can be in two directions. First, a study of 
the effect of varying different parameters like, die 
semicone angle., .?.rea of reduction, bearing zone length, 
sxoeed of drawing, temperature effects etc, on die wear 
would be fruitful. Second, the effect on wear for different 
die and wire materio.ls can be explored. 
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APPENDIX I 


Vire PrawiiiiB: M 'l.cliii'x e Specif! c at ion s_ ; 


j’lakfc 

Model 

Drawing speed 
Capstan Circumference 
Motor 

Capacity of the 
mn,cliine 


Max. tensile load 


I'^ire Machinery Ifenufuc taring Corpn. , 

Ltd., Co.lcutta 

NM/400/1, Machine Fo.s 1088 

77.75 m/min. (Capstan Potating Speed) 

1.25 m. 

SIBIffiN Make I 20 HP, 960 rpm. 

Maximum diameter to he drawn 

4 mm (Ferrous) 

6 mm (non-ferrous) 

50 iCg/mm^ (M.S.) 
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Strain Gg.u^o Spoc if lent io ns i 

Type i Semiconductor 

Gauge Pact or z 120 

Resistance 550 Ohms 

Excitation Voltrg;- to bo given ; 10 to 12 V 

Power supply used for exciting the strain gauge s APLAB 

Model ; LYA 30/0.5 

S trip Chart Rec order Spocifi cr-tions " 


flake 2 ; 

Sneardio Rite 


Model : 

6320 , 2 channel 


Sonsitivitjf ; 

0 . 5 , 1 , 5 , 10 , 50 

s 100 and 


500 mY/ems, 1 and 

5 Y/cm. 

Chart speed ! 

0.5, 2.5, 10 and 

25 mm/soc 


or m/min. 


Sensitivity used 



for experiments ; 

10 mY/cn 


Chart speed used 



for experiments 2 

10 mm/sec. 




APPEFDIX. Ill 


Sp ecifications o f tho y-y Countln,a: Systems i 

Sci ntilla tion Count or Hoa .dsi 

SH 645 and Sli 644 with lal (TI) crystals of 
50 nun X 50 mm size, RCA 8053 photomultipliers, huilt-in 
preamplifiers, operating voltage of + 1.0 to 1.5 ^07. 

2 • High Voltage Unit " 

Model H7 216, with positive output of 0.5‘-2.5 U’’, 
a v.alue of 1 IC7 having been frequently used. High 
voltage applied j 1000' V. 

5 . Ampli fiers ; 

Model : PA 521 
Attenuation ; 20 

Gain : 0.1 

Time constcant i 1 p sec. 

4 . Single Gh a nnel Analysers ; 

Model: SC 604 A, UasoD-ine range of 0.2 - 10 V, 

Uindow width a-djusto-ble between 0-2 ’’’ . 

Setting used s 5.8 to 6.5 V - 1.17 MeV peak 

7.2 to 8.1 V - 1.33 MeV peak 
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5. 

Coincidence Unit: 


Model 

s UC 676 A, 


Resolving 

time ; 0.1 -• 2 p, see. on one oi the 



input channels 


Resolving 

used 

time 

i 200 r] sec. 

6 , 

Timer: 



Mod el ; 

E T 5300 

7. 

Scalars : 



Model ; 

B 0 5101 


o 

» 

DS 328 A (for coincidence unit) 



APPMDIZ IV 


ACTIVITY CALCUIATIOITS AND ERROR AKALYSIS 


Calcxilation of Activity Expe cted; 

0 EV(l-e' 


^~Xt 
} s 


Expected activity = 


10 


Ci 


where tr 
t 

1/a 

0 

N 

V 


3.7x10 

irradiation time in days 

time of observation in d ays after 
irradiation 

mean :lifc of Co^^ in days 
irradiation flux in noutrons/cm^-sec. 
microscopic neutron absorption cross-section 
of Co^^ in cm^ 

atom density of Co^^ in atoms/cm^ 

Volume of iron in cm^ 


Bocause tr = 1 day and t?^'^ 120 days, the above expression 
can be approximated as ; 

0 > tr 


expected activity 


3.7 X 10 


10 


- Ci 


where 


where 


a 

0 

m 

X 

^1/2 


17 X 10"^^ cm^ 

5 X 10^^ neutrons /cm^ -s ec . 

Mass of Co^^ in sample x 6.023x 10 
^ ■ 59 

0.693 
^ 1/2 ' 

5.3 years. 


23 
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Ca. lculati on of Absolute Activity; 


Activity s F 


5-^2 1 

^12 3.7 3 c 10 -^^ 


Ci 


where is the count rate of channel A> Cp the count rate 
of channel 3 and ‘the coincidence count rate. 


Dead Time; t = 


^01 ^02 “ ^012 


F 


b 


f: 


012 


'^01 ” ^^02 


where Fq^, Fq 2 2 ire the coimt rates of two individual sources, 
^012 count rate of two sources together and N-j^ the 
background couiit rate. 


F^ (True coimt rate) = ^ 

Random Coinci den ce ; R = 2i: C 2 

where x is the coincidence unit's resolving time. 

E rror Analysi s ; 


AYA 

where A]_» Ap?. 
channel A. 


• ‘-^n 


n 


. , are set of count rate readings in 


ERR A = ( •“ + Back a)^^^ 

where BRRA is the Error and Back A is the Background 


count rate 
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''i-lArl jT 102 * chaiinel B and coincidence unit# 

BRR B and BRR AB can Be calculated respectively. 

SIS = [(AYA - BACK A) x BER A]^ + [ (AYB - BACK 3) x ERR B]^ 
ERAC = [(AVA-BACK A) x (AVB - BACK B) x ERE AE]^ + WB^xSlC 
ERRAC = [ERAC/AVAB^j^/^/(3.7 x 10^°) 

whe.' ERRAC is tlie final error in the a ctivity 

ERRVJ = [SQRl (ERAC/r (AYA-BACK A)(AYB - BACK 3)]^)]x 3.7 x 10^*^ 


vrhero ERPJ/ is error in the inverse wear rate. 

Cumulative Err or Calculations s 

Ij^ = length of the wire 
= Activity 
= ERROr? 


f = fa,Gtor = 
Cumulative activity 


(h+l - h - 

= HO (1+1) = + (H. + t + 


Cumulative activity error 

= ®o(i+l) = 






(4 


“i+R 




1/2 
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